1. Treatment of rat liver polysomes in a buffer containing 2 5mM-magnesium chloride with T1 ribonuclease at a concentration of 330units/ml. of reaction medium at 370 for 2hr. leads to the production of an insoluble nucleoprotein. 2. On the bases of analysis for protein and RNA and of u.v.-absorption spectra the nucleoprotein appears to have lost approx. 60% ofthe structural RNA originally present in the ribosome. Degradation of 3H-labelled polysomes (structural RNA labelled with orotic acid) with T1 ribonuclease leads to nucleoprotein preparations retaining approx. 30% of the radioactivity originally present in the polysomes. 
1. Treatment of rat liver polysomes in a buffer containing 2 5mM-magnesium chloride with T1 ribonuclease at a concentration of 330units/ml. of reaction medium at 370 for 2hr. leads to the production of an insoluble nucleoprotein. 2. On the bases of analysis for protein and RNA and of u.v.-absorption spectra the nucleoprotein appears to have lost approx. 60% ofthe structural RNA originally present in the ribosome. Degradation of 3H-labelled polysomes (structural RNA labelled with orotic acid) with T1 ribonuclease leads to nucleoprotein preparations retaining approx. 30% of the radioactivity originally present in the polysomes.
By means of sucrose-density-gradient centrifugation it is shown that the nucleoprotein preparations are free of single 73s ribosomes and ribosomal subunits. No evidence for the presence of 28s and 188 structural RNA was obtained on examination of extracted nucleoprotein-particle RNA by means of sucrose-densitygradient centrifugation. 3. Digestion of washed polysomes carrying 14C-labelled nascent peptide chains with T1 ribonuclease gives a nucleoprotein particle that retains approx. 70% of the original labelled chains. Treatment of labelled nucleoprotein particles with 1 mM-puromycin in the absence of transfer factors releases 20% of the labelled chains. Addition of GTP (0.48,umole) increases this release to 37%. 4. Treatment of nucleoprotein particles carrying 14C-labelled peptide chains with either EDTA (50mM) or ammonium chloride (0.5M) brings about a small release of labelled material (approx. 15%). 5. Disruption of nucleoprotein particles carrying 14C-labelled peptide chains with either sodium dodecyl sulphate or 2M-lithium chloride, followed by addition of transfer RNA as marker and chromatography on Sephadex G-200, show in both cases that considerable amounts of labelled peptide material move well ahead of the added transfer RNA marker. Further, if nucleoprotein particles carrying labelled peptide chains are treated with 0 3M-potassium hydroxide at 20°for 24 hr., neutralized to pH7-6, and then chromatographed on Sephadex G-200, the labelled peptide material moves much closer to the added transfer RNA marker. These results suggest that a proportion of the nascent 14C-labelled peptides on the nucleoprotein are attached to transfer RNA or large fragments of transfer RNA. 6. [3H]Polyuridylic acid binds to nucleoprotein particles in 1 mM-magnesium chloride. The rate of binding is rapid when measured at 200.
In the Escherichia coli ribosomal system, labelled peptide chains attached to t-RNA* are released from the ribosome in solutions of low Mg2+ concentration or by means of EDTA (Cannon, 1967) . Release of peptidyl-t-RNA from rat liver polysomes requires treatment with EDTA (Wettstein & Noll, 1965) . Little, however, is known about the mode of attachment of peptidyl-t-RNA to ribosomes, and whether the area of attachment is on the surface of, or buried within, the ribosome. In this respect, * Abbreviations: t-RNA, transfer RNA; m-RNA, messenger RNA; polyU, polyuridylic acid. Rich, Eikenberry & Malkin (1966) have reported on the mild digestion with the proteolytic enzymes trypsin and Pronase ofreticulocyte ribosomes carrying labelled peptide chains, and from their results have suggested that the growing point ofthe peptide chain and presumably the t-RNA to which it is attached are deeply buried within the ribosome. Pestka (1967) has shown that the aminoacyl linkage of phenylalanyl-t-RNA bound to 70s ribosomes is protected against alkaline hydrolysis. On the other hand, hydrolysis occurs when the phenylalanylt-RNA is bound to the 30s ribosomal subunit.
Addition of the 50s subunit to the 30s subunitphenylalanyl-t-RNA complex confers protection on the aminoacyl linkage.
My approach to studying the problem of whether peptidyl-t-RNA is on the surface or buried within the ribosome has been to digest polysomes with T, ribonuclease under various conditions and to examine the digested particles to see whether they still carry peptide chains or not. By this approach I have been able to prepare reproducibly a nucleoprotein from polysomes that has a number of interesting properties, which form the contents of the present paper and which appear to support the idea that a proportion of the peptidyl-t-RNA is deeply buried within the ribosome. (1966) . They were finally suspended in medium A and stored at 00. pH 5 fraction. This was prepared from a sample of cell sap as described by Hawtrey & Nourse (1966) . It was suspended in medium A and stored at -150.
MATERIALS AND METHODS
Preparation of nucleoprotein. A suspension of polysomes in medium A was diluted with the same medium so that, on dilution of a 0-1 ml. portion of the final suspension to 3-0ml., it had an E260 of 1-5. To 4 ml. ofdiluted polysome suspension (in medium A) was added 2 ml. of T1 ribonuclease solution (2000 units in water; units of enzyme activity are those defined by Takahashi, 1961 ribonuclease conen. lOOunits/ml., MgCl2 (5mM) and at 00. Details of the method of analysis are given in the Materials and Methods Section.
diam., 0 45,um. pore size) followed by washing with trichloroacetic acid. Filters were counted either in toluene containing 0-5% (w/v) of 2,5-diphenyloxazole and 0.03% (w/v) of 1,4-bis-(5-phenyloxazol-2-yl)benzene, or in Bray's (1960) solution. Protein and RNA. These were determined as described by Hawtrey, Schirren & Dijkstra (1963) .
RESULTS
Time-course of release of perchloric acid-soluble products from polysomes undergoing digestion with T1 ribonuclease at 370 and at different Mg2+ and enzyme concentrations. Fig. 1 shows that, at a concentration of lOOunits/ml., T1 ribonuclease brought about the release of perchloric acid-soluble oligonucleotides and nucleotides at a fairly constant rate. Very little difference in rate was observed at either 3mM-or 15mM-Mg2+. However, at the higher Mg2+ concentration a heavy precipitate of degraded ribosomes was observed at 3hr. of incubation, whereas this phenomenon was only noted at 4-5hr. with the lower Mg2+ concentration. Increase of the T1 ribonuclease concentration to 330units/ml. of incubation medium at 2-5mM-Mg2+ brought about a much more rapid release of perchloric acid-soluble fragments from polysomes and resulted in the precipitation of an insoluble nucleoprotein at 2hr. of incubation, with the supernatant phase of the incubation medium appearing completely clear. In these experiments, 14-0E260 units ofpolysomes were used (see the Materials and Methods section). In the preparation of the nucleoprotein (Fig. 1, C) , a total of 9-5E26o units were released as perchloric acid-soluble material. This corresponds to 67% loss of 260 nm-absorbing material from the polysomes during their conversion into the nucleoprotein. In another experiment nucleoprotein particles were prepared from polysomes, and the resulting aqueous phase remaining after removal of the nucleoprotein by low-speed centrifugation was measured directly at 260nm. (perchloric acid was not used). A 68% loss of E260 units was found.
Results obtained by the two methods agreed very well. However, no correction was made for changes in hyperchromicity of the E260 absorbing material produced by digestion with T1 ribonuclease.
General properties of the nucleoprotein precipitated after 2hr. of digestion with T1 ribonuclease at 37°. Nucleoprotein particles were prepared in a medium containing 2 5 mM-magnesium chloride and 330units of enzyme/ml. They were easily resuspended in medium A, and could be sedimented at the relatively low speed of 1400g for 15min., as opposed to the high speed needed to sediment polysomes. Washing of the particles was carried out in medium A by repeated centrifugation at low speed.
Ultraviolet-absorption spectra of both the nucleoprotein particle and polysomes are shown in Fig. 2 . Nucleoprotein particles gave an E26o/E2so ratio 1-14 and an E245/E26o ratio 0 93. Polysomes gave a value of 1-80 for the E26o/E280 ratio and 0-63 for the E235/E260 ratio. Fig. 3(a) shows the profiles for polysomes incubated for 2hr. at 370, and for a mixture of nucleoprotein particles and released nucleotide material that resulted from treating polysomes with T1 ribonuclease (330units/ml.) for 2hr. at 37°. The nucleoprotein preparation does not contain any ribosomes or ribosomal subunits.
A large clear gelatinous pellet of nucleoprotein particles was observed at the bottom of the centrifuge tube after the centrifugation. The result of treating polysomes with T1 ribonuclease (100 units/ ml.) for 2hr. at 370 followed by sucrose-densitygradient centrifugation is shown in Fig. 3(b) Examination of the structural RNA remaining in nucleoprotein was carried out either by extracting the washed particles with phenol or by means of 2M-lithium chloride. In either case similar results were obtained. Fig. 4 shows the results of running control 28s and 18s ribosomal RNA, in comparison with the structural RNA present in the nucleoprotein, on sucrose density gradients. No evidence for the presence of normal ribosomal RNA in the nucleoprotein preparation was obtained.
Binding of nascent 14C-labelled peptide chains to nucleoprotein preparation8. Polysomes were labelled with '4C-labelled peptide chains in a complete incorporation system as described in the Materials and Methods section. The labelled polysomes were then treated with Ti ribonuelease under stanclard Reactions were run for 20 min. at 37°. Samples were cooled in ice, and processed for counting by (a) centrifuging at 1400g for 15min. followed by washing of the precipitates by the Millipore procedure with medium A (4 x 5 ml.) or (b) direct washing by the Millipore procedure with medium A. Fig. 4 . Sucrose-density-gradient centrifugation ofstructural RNA extracted from polysomes and nucleoprotein particles. Linear sucrose gradients (27 ml.; 5-20%, w/v) contained potassium acetate, pH5-2 (10mm), NaCl (50mM) Having established that the nucleoprotein preparations carry considerable amounts of nascent peptide chains, it was decided to establish whether a proportion of the radioactivity would be affected by treatment with puromycin or not. Table 1 shows the results of treating washed nucleoprotein preparations with puromycin in the absence and presence of either GTP or pH 5 enzyme or both. The assay described in Table 1 measures the effect of puromycin and other factors on the proportion of 14C-labelled peptide chains sedimented with the nucleoprotein material after 15min. at 1400g, and hence may differ from the release assay used for normal protein-synthesizing systems. In the absence of either GTP or pH 5 enzyme, 1 mM-puromycin released 20% of the labelled peptide chains.
Addition of GTP (0-48,umole) increased the release to 37%. The presence of added pH5 enzyme did not enhance the arnount of peptide released in the presence of purornycin and GTP. The effect of treating nucleoprotein preparations carrying 14C-labelled peptide chains with EDTA or ammonium chloride was also studied to determine how tightly the peptide chains are attached to the nucleoprotein. Results in Fig. 5 release of labelled material from the nucleoprotein was observed on incubation in 25mM-tris-hydrochloric acid, pH 7-6. Treatment with 0'5M-ammonium chloride gave similar results to that observed with EDTA (Fig. 5) .
14C-labelled peptidyl-t-RNA on nucleoprotein. To ascertain whether any of the 14C-labelled peptides on the nucleoprotein are still attached to t-RNA molecules or not, the following procedure was carried out. Thoroughly washed nucleoprotein particles (in medium A) were treated in one of two ways. First, disruption ofthe labelled nucleoprotein with sodium dodecyl sulphate was carried out by the method of Gilbert (1963) . A sample of t-RNA was then added as marker, and the complete mixture was subjected to chromatography on a Sephadex G-200 column (1cm. x 33cm.) by the method described by Bresler, Grajevskaja, Kirilov, Saminski & Shutov (1966) . Fig. 6 shows the results of such an experiment. In agreement with the results obtained by Bresler et al. (1966) , it was found that a large proportion of the peptide radioactivity was eluted well before the added t-RNA marker.
According to Bresler et al. (1966) this material represents polynucleotide-peptide material. Further experiments were carried out in which nucleoprotein particles carrying 14C-labelled peptide chains were subjected to alkaline hydrolysis in 0 3M-potassium hydroxide at 200 for 24hr. At the end of the hydrolysis, samples were neutralized to pH7-6, treated with sodium dodecyl sulphate and run on Sephadex G-200 columns (1 cm. x 33cm.) as described above. Fig. 7 shows that the peptide radioactivity then moved much closer to the added t-RNA marker. This result is very similar to that obtained by Bresler et al. (1966) in their studies on polynucleotide-peptides in the E. coli system, and suggests that the peptides on the nucleoprotein were originally attached to t-RNA or large fragments of t-RNA.
Secondly, nucleoprotein particles carrying 14C_ labelled peptides were treated with 2M-lithium chloride at 0°for 16hr. This procedure was found to disrupt the nucleoprotein, giving a precipitate of structural RNA from the nucleoprotein (9-12s; known that aminoacylt-RNA is bound to the 30s subunit-m-RNA complex at the decoding site and that peptidyl-t-RNA is apparently found on both the 30s and 50s subunits (Gilbert, 1963; Noll, 1966; Jost, Shoemaker & Noll, 1968) . Initiation of new peptide chains on bacterial ribosomes is a complicated process involving N-formylmethionyl-t-RNA as an initiator and special protein initiation factors (Clark & Marcker, 1966; Adams & Capecchi, 1966; Salas, Hille, Last, Wahba & Ochoa, 1967; Revel, Herzberg, Becarevic & Gros, 1968) .
With regard to the actual mechanism and mode of attachment of aminoacyl-t-RNA and peptidyl-t-RNA to ribosomes, however, very little is known. I have approached this problem by carrying out experiments in which polysomes with 14C-labelled peptide chains are digested with T1 ribonuclease under standard conditions and have examined the resulting degraded ribosomes to see whether they still have attached labelled peptides or not. It is assumed that, if peptidyl-t-RNA or labelled peptide is still found attached to degraded ribosomes, then these entities must be deeply buried within the ribosomal structure or held in some configuration at or near the ribosomal surface such that protection is afforded against ribonuclease action.
In applying this method I have been able to prepare reproducibly a nucleoprotein from polysomes under standard conditions that retains approx. 30% of the structural RNA originally present in the ribosome. As detailed in the Results section these particles possess a number of notable properties. They are insoluble in medium A, and can be sedimented at a relatively low centrifugal force. Although retaining only 30% of their original ribosomal structural RNA, they nevertheless still have attached approx. 70% of the original ribosomal 14C-labelled peptide radioactivity. A certain percentage of the peptide radioactivity is released with puromycin in the absence of added factors, and this release can be increased by supplying various factors to the system (Table 1) . As puromycin is capable of a partial release of labelled peptide chains from nucleoprotein particles, I assume that these peptides must be attached to t-RNA or fragments of t-RNA in an aminoacyl linkage, and that the peptide synthetase is still capable offunctioning on the nucleoprotein. Further experiments, in which nucleoprotein particles carrying 14C-labelled peptide chains were treated with either sodium dodecyl sulphate or 2M-lithium chloride, followed by chromatography on Sephadex G-200 with added t-RNA as marker, showed that a large proportion of the peptide radioactivity moved well ahead of the added marker (Fig. 6) .
Chromatography of nucleoprotein-associated peptide radioactivity on Sephadex G-200 after alkaline hydrolysis of the complex showed that a large proportion of the radioactivity then moved much closer to the added t-RNA marker (Fig. 7) . These results (Figs. 6 and 7) appear to indicate that the labelled peptides are still attached to t-RNA or large fragments of t-RNA. Further, they also suggest that a fair proportion ofthe peptidyl-t-RNA is buried within the ribosomal structure. Rich et al. (1966) studied the digestion of labelled reticulocyte ribosomes with trypsin and Pronase, and showed that approx. 50% ofthe labelled peptide chains are removed by mild digestion with these enzymes. From their results they inferred that the remaining half of the peptide chain, that which is attached to the t-RNA, is deeply buried within the ribosome and therefore shielded from proteolytic action. Pestka (1967) has reported some notable findings on the stability of the aminoacyl linkage of phenylalanyl-t-RNA in the presence of E. coli ribosomes and subunits. When bound to the 70s ribosome, the aminoacyl linkage is protected against mild alkaline hydrolysis. However, hydrolysis occurs when the phenylalanyl-t-RNA is bound to the 30s subunit. It is notable that, on addition of the 50s subunit to the 30s subunit-phenylalanylt-RNA complex, protection against alkaline hydrolysis is conferred upon the aminoacyl linkage. As stated by Pestka (1967) , this suggests that the aminoacyl-t-RNA may be located in an interior part of the ribosomal structure.
Cannon, Krug & Gilbert (1963) have reported on the mild digestion of E. coli ribosomes with pancreatic ribonuclease. Labelled peptidyl-t-RNA was still found to be bound to 'stuck' 70s E. coli ribosomes after treatment with ribonuclease for 12min. at 30°. In their work no breakdown of the ribosome structure was observed, as evidenced by sucrose-density-gradient centrifugation.
From their work on the reconstruction of E. coli 70s ribosomes from 50s and 30s subunits in the presence of m-RNA and peptidyl-t-RNA, Jost et al. (1968) have suggestedthatthem-RNAandpeptidylt-RNA move through a groove or tunnel bounded by the adjoining surfaces of the two subunits.
The results given in the present paper appear to support the idea that a proportion of the peptidyl-t-RNA is buried within the ribosomal structure. This could presumably be situated in the area formed by the joining of the two subunits, as suggested by Jost et al. (1968) .
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